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Recently a new monoclinic phase in the PbZri-^Ti^Oa ceramic system has been reported by Noheda 
et al. |l| for the composition x= 0.48. In the present work, samples with Ti contents of x= 0.47 
and 0.50, which are both tetragonal below their Curie points, have been investigated. In the sample 
with x= 0.50, the tetragonal phase was found to transform to a monoclinic phase at about 200 K 
as the temperature was lowered. The sample with x= 0.47 showed a complicated region of phase 
coexistence between ~ 440-320 K, becoming rhombohedral at around 300 K. No further symmetry 
change was found down to 20 K. Dielectric measurements for these two samples are also reported. 
On the basis of these results, a preliminary phase diagram is presented. Optimum compositional 
homogeneity is needed to properly characterize the new monoclinic region. 
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I. INTRODUCTION 

The basic features of the PbZri^^Ti^Oa (PZT) phase 
diagram were determined in the 1950's ||. The ceramic 
PZT system has the cubic perovskite ABO3 structure at 
high temperatures. On lowering the temperature the ma- 
terials undergo a phase transition to a ferroelectric phase 
for all compositions except those close to pure PbZrOa, 
where they become antiferroelectric. The ferroelectric re- 
gion is divided in two phases with different symmetries 
by a morphotropic phase boundary (MPB), nearly ver- 
tical in temperature, occurring at a composition close 
to x= 0.47. The Ti-rich region has tetragonal symme- 
try (Ft, space group P4mm) and the Zr-rich region has 
rhombohedral symmetry (Fr). The latter is divided into 
high-temperature (F R ^ HT ), space group R3c) and low- 
temperature (Fmlt)-, space group R3m) zones respec- 
tively § § |. 

Most of the studies on PZT have been performed for 
compositions around the MPB, motivated both by the 
interesting physical properties and the technologically- 
useful applications, such as high electromechanical cou- 
pling factors and permittivities, exhibited by PZT at this 
boundary 0. Due to compositional fluctuations, the 
MPB often appears as an ill-defined region of phase co- 
existence, instead of a well-defined boundary, whose size 
depends of the processing conditions @| @ ||]. This fact 
has for many years hindered a detailed interpretation of 
the nature of the Fr — Ft phase transition and the MPB 
itself. In order to explore the MPB in more detail, we 
have embarked upon a systematic structural study us- 
ing high-resolution synchrotron x-ray powder diffraction 
techniques and dielectric measurements to characterize 
the samples. 

A recent unexpected result obtained from high- 



resolution x-ray measurements on a sample of high com- 
positional homogeneity with x=0.48, was the discovery 
of a ferroelectric phase with monoclinic symmetry below 
approximately 250 K [jp. The monoclinic unit cell is such 
that a m and b m lie along the tetragonal [TTO] and [110] 
directions (a m w b m w ats/2), and c m is close to the 
[001] axis (c m w Cj). The temperature dependence of the 
monoclinic angle (3, the angle between a m and c m , cor- 
responds to the evolution of the order parameter for the 
tetragonal- monoclinic (Ft — Fm) phase transition. Two 
other compositions prepared under slightly different con- 
ditions with x = 0.47 and 0.50 were also studied at that 
time, and in the present paper we report results for these 
materials and propose a preliminary modification of the 
PZT phase diagram around the MPB. 



II. EXPERIMENTAL 

Two different compositions of PZT with Ti contents 
of 0.47 and 0.50 were prepared by a solid-state reaction 
from Pb02, Zr02 and Nb-free Ti02 with chemical puri- 
ties better than 99.9%. The mixed powders were calcined 
at 790°C, remilled, isostatically pressed at 200 Mpa, and 
sintered at 1200°C for 2h, with heating and cooling rates 
of 3°C/min. To minimize the volatilization of lead oxide, 
alumina crucibles with tightly-fitting covers were used, 
and a mixture of PbZr03+5 wt% Zr02 was used as a 
lead source in the crucible. The densities measured by 
the liquid displacement method were >98% of the theo- 
retical values. 

High-resolution synchrotron x-ray powder diffraction 
measurements were made at beam line X7A at the 
Brookhaven National Synchrotron Light Source. A 
Ge(lll) double-crystal monochromator was used in com- 
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FIG. 2. (lll)c and (220) c pseudo-cubic reflections at dif- 
ferent temperatures for PbZro.50Tio.50O3. 

Fig. 2 shows that the monoclinic phase is found to 
exist for x= 0.50 below room temperature. From peak 
fits based on a pseudo-Voigt peak function, at 20 K the 
(lll) c pseudocubic reflection is found to consist of three 
different peaks corresponding to the monoclinic (201), 
(02I)and (201) reflections, while the pseudocubic (220) c 
is split into four peaks corresponding to the (222), (222), 
(400) and (040) monoclinic reflections. The last two are 
fairly close to each other, indicating that the difference 
between a m and b m is quite small. As the temperature 
increases the monoclinic splitting becomes less evident. 
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FIG. 4. (lll)c and (200) c pseudo-cubic reflections at dif- 
ferent temperatures for PbZro. 53^0.4703. Note the improved 
resolution compared to the laboratory x-ray data reported by 
Mishra et al. 

This could simply reflect the coexistence of rhombo- 
hedral and tetragonal phases accompanied by a consid- 
erable amount of internal strain, but it is certainly not 
possible to rule out the formation of small local regions of 
the monoclinic phase. For T above ~450 K, the tetrago- 
nal phase can be clearly identified although there is still 
some residual diffuse scattering in the vicinity of rhom- 
bohedral (200). Finally, at Tss 665 K, the cubic phase 
appears. The temperature evolution of the lattice param- 
eters is shown in Fig. 5. We note that the peak profiles 
in the cubic region are about twice as broad as those 
found for the x = 0.48 sample jjj, indicative of a smaller 
crystallite size and wider range of compositonal inhomo- 
geneity. This is probably associated with the slightly 
different sintering temperatures used for the preparation 
of the samples, 1200 and 1250°C respectively. 
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FIG. 6. Inverse of the dielectric permittivity vs. tempera- 
ture for three different frequencies for PbZro.50Tio.50O3. 

This work clearly demonstrates the need for both ex- 
cellent compositional homogeneity and high instrumen- 
tal resolution for the determination of the features of the 
PZT phase diagram around the MPB. Further work along 
these lines is in progress. 
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FIG. 7. Inverse of the dielectric permittivity vs. tempera- 
ture for three different frequencies for PbZro. 53^0.4703. At 
T> 400 K only data at 1 kHz are shown for clarity. Note the 
change of slope at «440 K shown by the broken line, and the 
two arrows at 300 and 400 K, which correspond to the region 
of thermal hysteresis reported by Zhang et al. 
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